Introduction {#S0001}
============

The issue of adequate prophylaxis and therapy of pain has become a matter of growing concern in recent years.[@CIT0001],[@CIT0002] The increased recognition of this problem has led to a discussion about the usefulness of analgesia in neonates receiving mechanical ventilation.[@CIT0003],[@CIT0004] It is well known that the lower the gestational age of the child, the lower the threshold and higher the sensitivity for pain. Available studies clearly indicate that pain signals reach the brain as early as in the 22nd week of gestation, whereas corticothalamic tracts, which are responsible for the conscious perception of pain, develop in the 29th week of gestation.[@CIT0005] Due to the fact that the nervous system is still very undeveloped, most prematures present a lower pain threshold, which is associated with the high density of receptors in supraspinal centres. Despite these scientific reports, researchers are still unable to determine how much pain neonates feel consciously. On the other hand, however, the analysis of available literature reveals the negative impact that pain and distress have on the further psychomotor development of the affected child. It has been proven that neonates are equipped with all systems required for pain perception from the moment of their birth, yet they are not capable of defending themselves against excessive pain, due to the increased excitability of metabolic and endocrine systems.[@CIT0001],[@CIT0002],[@CIT0006]

Specification and Classification of Pain in Neonates {#S0002}
====================================================

Diagnosing and assessing pain in neonates is a challenge for medical personnel, due to the inhibited identification of whether this is an expression of pain experience or perhaps the effect of a situation that is unpleasant for the child, for example, hunger. Clinical observations indicate that patients of intense therapy wards are subject on average to 7.5--17.3 procedures per day, which are a source of stress, anxiety and pain.[@CIT0007],[@CIT0008]

Progress in clinical research, including in the area of medical disciplines such as neonatology, shows that prevention and control as well as the soothing of pain bring both short- and long-term benefits, both to full-term and pre-term newborns. A nociceptive stimulus that is repeated systematically for a longer period will cause disorders in the central nervous system, leading finally to irreversible changes, including: the transformation of acute pain into chronic pain, hyperalgesia, a deficit in pain expression and psychophysiological effects in adult life.[@CIT0009]--[@CIT0012]

The knowledge of medical personnel regarding the mechanism and indicators of pain in neonates helps in the prophylactics, monitoring and alleviation of pain. The mode of reacting to pain as well as its intensity is an individual characteristic of every neonate and undoubtedly depends, to a large degree, on the level of neonate maturity. The reactions of a neonate to pain stimuli can be divided into physiological, behavioural, hormonal, metabolic and mental. A detailed list of pain indicators is presented in [Table 1](#T0001){ref-type="table"}.[@CIT0002],[@CIT0013],[@CIT0014]Table 1Neonate Reactions to Pain Experiences[@CIT0002],[@CIT0013],[@CIT0014]PhysiologicalBehaviouralHormonal MetabolicPsychologicalIncreased heart action,Reduced saturation in arterial blood,Increased blood pressure,Accelerated breath frequency,Apnoea,Sometimes perspiration of palms and feet is observed in full-term newborns andIncrease in intraocular pressure may occur.Neonate face mimics, which express different degrees or lack of grimace, plucking eyebrows, closing eyelids, and the appearance of philtrum,The arrangement of limbs, eg, straightening legs,Movements of the whole body, eg, clenching fists andCrying, moaning and whimpering.Increase in catecholamine levels (adrenalin, noradrenalin),Increase in cortisol, aldosterone, glucose, renin in the blood (after 1 hour of the action of nociceptors, the observed concentration of renin returns to normal) andFluctuations in the insulin level.Excessive sensitivity,Anxiety,Sleep disorders (insomnia or hypersomnia) andWakefulness disorders.

An essential element in monitoring a pain experience is the identification and knowledge of its source. Based on the relevant literature, the following types of pain have been distinguished in neonatal intensive care units:

1\. pain due to procedures, so-called procedural pain;

2\. pain related to an illness:

a\) acute pain that persists,

b\) chronic pain.[@CIT0015]--[@CIT0018]

In the case of the frequently described procedural pain, its source should be sought in the diagnostic-therapeutic procedures conducted every day on neonates. When analysing pain due to the level of experienced pain, the procedures are distinguished into those with:mild pain intensity, eg, venepuncture or artery puncture, subcutaneous and intramuscular injections, and urinary bladder catheterization;moderate pain intensity, eg, bronchial toilet, lumbar puncture, intubation, heel puncture, and physiotherapy of the respiratory system; andacute pain intensity, eg, applying a drain into a pleural cavity, and surgical interventions.

One source of acute pain experiences is conditions after surgical procedures, when the continuity of skin and of deeper structures, for example, muscles, is interrupted. Chronic pain in neonates, although it is not a new subject, continues to be difficult to define. Numerous researchers agree that causes of chronic pain in neonates include perinatal necrotizing enterocolitis, meningitis, and systematically repeated nociceptive stimuli, such as persistent ailments after surgical operations as well as mechanical ventilation.[@CIT0017]--[@CIT0020]

The introduction in every healthcare centre of the duty to monitor and soothe pain symptoms in children is reflected in the recommendations of domestic and international Scientific Societies. This is also an indisputable right of every human being. Actions taken to prevent pain in healthcare centres that treat the youngest patients also meet the expectations of the parents of children who experience pain and suffering.[@CIT0006],[@CIT0021]

The interpretation of pain sensations in such a different population as neonates can be realistic through the careful and comprehensive observation of the child and the application of an adequate assessment tool (scale) which will be suitable for the age group and the clinical condition of the patient. According to the recommendations of Scientific Societies, a neonate intensive therapy unit should prepare an individual programme of therapy and the prevention of pain based on state-of-the-art standards. The success of actions taken is possible only if all personnel respect the recommendations, which include: systematic monitoring of potential and actual pain symptoms, minimising the number of painful procedures, prophylactics and soothing of acute pain due to invasive procedures and postoperative pain, counteracting stress symptoms and acute pain.[@CIT0006],[@CIT0022] The repeatability and long-term character of invasive breathing support cause excitation and stress in a neonate. This leads to changes regarding psychophysiological, endocrinal and behavioural fields, resulting in chronic stress.[@CIT0023] The assessment of pain in invasively ventilated neonates is difficult, in particular in pre-term newborns, which have a limited behavioural repertoire and a higher sensitivity to pain threshold.[@CIT0024],[@CIT0025] Validated and implemented tools used to measure pain have been developed mostly within research into acute procedural pain, which is directly related to the number of performed invasive procedures at intensive therapy wards.[@CIT0026],[@CIT0027]

Aim {#S0003}
===

The aim of this systematic review was to analyse current studies on the use of pain scales in neonates receiving mechanical ventilation in neonatal intensive care units (NICUs).

Materials and Methods {#S0004}
=====================

This systematic review was carried out according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations. The protocol of selecting papers was based on the Cochrane Handbook for Systematic Reviews of Interventions, PICOS model.[@CIT0028] Papers included for further analysis were assessed using the Newcastle--Ottawa Survey (NOS) scale. The above-mentioned tool was developed in order to assess properly the quality of research included in the systematic review or meta-analysis. The maximum number of available points in three different dimensions amounted to 9. The scale assesses three main categories, including the selection of the study group, the comparability of the groups; and the ascertainment of either the exposure or outcome of interest for case-control or cohort studies, respectively. Assessed papers are scored with a star system. The scale was validated and was recognised by a number of authors of systematic reviews.[@CIT0029]

Search Strategy {#S0005}
===============

The following databases were searched: PubMed, OVID, EBSCO, Cochrane Library and Web of Science. The following key words were used for verification: pain, neonatal intensive care unit, neonate, scales and mechanical ventilation. Single key words or their combinations using AND, OR or both operators were entered. The search was limited to studies published in English and carried out in the period between 2006 and 2019. The timeframe for preparing the review results from a relatively low number of publications that concern pain in neonatology patients. Moreover, the first recommendations and guidelines concerning pain therapy in neonates were developed in 2006 by the American Academy of Pediatrics and the Canadian Pediatric Society, which were the first to recommend that healthcare systems include programmes of pain assessment and prevention in neonatology wards as routine actions for personnel.[@CIT0030] The number of citations for each search attempt was scanned and reduced according to the inclusion criteria.

The selection of suitable papers was based on the PICOS model framework. The individual criteria of searching for scientific research concerned the following: P -- neonates, I -- pain experience during mechanical ventilation, C -- pain scale used in the assessment of pain in pediatric patients, S -- experimental studies, randomized trail study ([Table 2](#T0002){ref-type="table"}).[@CIT0028]Table 2Selection Criteria for the Systematic Review (PICOS)^28^Inclusion CriteriaExclusion CriteriaP (participants)Neonate population.Studies on adult humans.I (intervention)Pain experiences during mechanical ventilation.N/AC (comparison)Pain scales.N/AO (outcome)The assessment of the proper pain scale.Studies which investigate pain on the basis of different scales.S (study type)Randomized trial study;\
Experimental study;\
Prospective study.Review article, conference communication, case studies, editorials, diary studies.

Study Selection {#S0006}
===============

Only papers describing studies that had been carried out in neonatal intensive care units and which analysed the efficacy of pain assessment using different scales were selected for further analysis. This selection was based on specific inclusion criteria. The search spectrum was limited to neonatal patients who required mechanical ventilation.

Inclusion Criteria {#S0007}
==================

\* studies evaluating the efficacy of tools for pain assessment in neonates being treated in NICUs,

\* studies which included patients admitted to NICUs, mechanically ventilated,

\* studies analysing tools for pain assessment in an NICU setting, which were designed for medical personnel (nurses, physicians).

The eligibility of each paper found was assessed according to the availability of the full-text version and an independent evaluation performed by two reviewers using the above-mentioned inclusion criteria. In cases where the two reviewers did not reach a consensus to qualify the article for further assessment, the paper was consulted by a third reviewer.

Data Extraction {#S0008}
===============

The initially eligible papers were assessed by two independent reviewers, who used a normalised data extraction form. The following criteria were taken into account: author, publication year, type and aim of the study, method of pain assessment and limitations of the study.

The quality of the study was assessed based on the following:

● description of the inclusion and exclusion criteria,

● study method,

● type of study.

Finally, out of 27 articles, 12 papers were considered eligible for the review ([Figure 1](#F0001){ref-type="fig"}). Manuscripts covered by the review were given a minimum of 7 points in the NOS scale. A detailed list of the assessment results is given in [Table 3](#T0003){ref-type="table"}.Figure 1The flowchart of the selection process.Table 3Quality Assessment of the Included Studies Using the Newcastle--Ottawa ScaleFirst Author, YearStudy DesignSelection\*Comparability\*Exposure/Outcome\*Total Scores1Cignacco E., et al, 2008[@CIT0033]Randomized controlled trial.∗∗∗∗∗∗∗∗82Hummel P., et al, 2008[@CIT0034]Prospective study.∗∗∗∗∗∗∗∗83e Silva YP., et al, 2008[@CIT0035]Randomized double-blind study.∗∗∗∗∗∗∗74van Dijk M., et al, 2009[@CIT0032]Retrospective cohort study.∗∗∗∗∗∗∗∗85Williams AL., et al, 2009[@CIT0025]Retrospective cohort study.∗∗∗∗∗∗∗∗86Chrysostomou C., et al, 2014[@CIT0041]Prospective study.∗∗∗∗∗∗∗77Acikgoz A., et al, 2015[@CIT0036]Experimental study.∗∗∗∗∗∗∗∗∗98Cardoso JM., et al, 2017[@CIT0037]Randomized study.∗∗∗∗∗∗∗79Desai A., et al, 2017[@CIT0031]Prospective study.∗∗∗∗∗∗∗∗810Abiramalatha T., et al, 2018[@CIT0038]Randomized study.∗∗∗∗∗∗∗∗711Huang XZ., et al, 2018[@CIT0039]Prospective study.∗∗∗∗∗∗∗∗∗912Desai A., et al, 2018[@CIT0040]Prospective study.∗∗∗∗∗∗∗∗∗9[^1]

Results {#S0009}
=======

As part of the search of the library-abstract databases, 98 publications were obtained in total (12 from PubMed, 14 from OVID, 49 from EBSCO, 13 from Cochrane Library and 10 from Web of Science). After excluding 57 duplicates, 41 papers were analysed; the full-text analysis was verified as well as the eligibility criteria for the research. Initially, 12 papers that fulfilled the criteria were included in the review. Having assessed the quality of the included papers with the Newcastle--Ottawa Scale, they were then taken into consideration in the review. They focus on mechanically ventilated neonates (except for 3 studies,[@CIT0025],[@CIT0031],[@CIT0032] in which also neonates that were breathing efficiently were covered; however, every group was analysed separately).

In their papers, notwithstanding their purpose, the authors apply suitable tools recommended by the Scientific Societies to measure every type of pain experience. Two studies concern the simultaneous evaluation of procedural pain and chronic pain (N-PASS and NIPS scales were applied), five studies use scales for assessing procedural pain (PIPP was used most often), and five to measure the chronic pain sensation (N-PASS was used most often). In studies by Hummel et al (2008), van Dijk et al (2009), Desai et al (2017) and Huang et al (2018), a primary objective was to assess the efficiency and reliability of tools to measure pain experience. Other papers analysed analgesia, the impact of an open and closed sucking system to assess pain experiences in mechanically ventilated neonates, and behavioural reactions in neonates ([Table 4](#T0004){ref-type="table"}).[@CIT0025],[@CIT0031]-[@CIT0041]Table 4Systematic Review of Papers Presenting Studies Using Pain Scales in Neonates Treated with Mechanical VentilationAuthor/Year of PublicationType of the StudyAim of the StudyStudy Group/Sample Size (N)Instrument Used to Measure PainCharacter of PainOutcomes of MeasurementConclusionLimitation of the StudyCignacco E.,\
Hamers JP,\
van Lingen RA. (2008)\
[@CIT0033]Randomized study.The aim of the study was to assess the impact of morphine and non-pharmacological methods on pain and stress reduction during endotracheal suctioning of bronchial secretion.30 mechanical ventilated neonatesPIPP scale\
BPSN scale\
(Bernese Pain Scale for Neonates)Procedural pain.The average pain scores were higher in preterms who received sensorial stimulation as compared to the standard of care, even in the placebo group.The researcher used the recommended scales.\
Nurses reported significant problems with pain assessment using the PIPP scale, since it focuses mainly on an infant's facial expressions.A small number of patients included in the study.Hummel P.,\
Puchalski M.,\
Creech SD.,\
Weiss MG. (2008)\
[@CIT0034]Prospective study.The aim of the study was to assess the utility and reliability of N-PASS in mechanically ventilated neonates and/or after a postoperative surgery.46 mechanical ventilated neonatesN-PASS scale,\
PIPP scaleChronic pain.N-PASS is a clinically useful, reliable and important tool used to assess persistent pain/excitation and sedation in ventilated children and/or children after a postoperative procedure.The researcher used the recommended scales in the study.\
It confirms the reliability of the scale.A small number of patients included in the study.e Silva YP.,\
Gomez RS.,\
Marcatto J de O.,\
Maximo TA.,\
Barbosa RF.,\
e Silva CS., (2008)\
[@CIT0035]Randomized in a prospective double-blinded study.The aim of the present study was to compare a continuous infusion of remifentanil and morphine during mechanical ventilation of premature neonates with respiratory distress syndrome (RDS).20 mechanical ventilated neonatesNIPS scale,\
COMFORT scaleChronic pain.Both infusions provided adequate analgesia and\
sedation, as demonstrated by the NIPS (\<4) and COMFORT scales (\<20).The researcher used the recommended scales in the study.\
No reference to the scale.A small number of patients included in the study.van Dijk M.,\
Roofthooft DW.,\
Anand KJ.,\
Guldemond F.\
et al (2009)\
[@CIT0032]Prospective cohort study.The aim of this study was to validate the COMFORTneo scale.286 neonates: 194 mechanical ventilated neonates,92 own breathCOMFORTneo scaleChronic pain.The COMFORTneo scale showed initial usefulness both in preterms and in term neonates.Further studies are recommended to establish validity with other instruments of pain control in a patient group with a high probability of ongoing pain.The measurement of pain intensity by the same person, a nurse, in all the scales, may result in the lower objectivity of the assessment.\
To compare, the use of a validated scale to assess pain in a neonate might give a better picture of the utility of the COMFORTneo tool.Williams AL.,\
Khattak AZ.,\
Garza CN.,\
Lasky RE. (2009)\
[@CIT0025]Prospective cohort study.The aim of the study was to assess the behavioural pain reaction in neonates using the NIPS scale.36 neonates: 22 mechanical ventilated neonatesNIPS scaleProcedural pain.The NIPS scale proved useful in assessing pain in neonates.The researcher used the recommended scales in the study.\
It confirms the reliability of the scale.A small number of patients included in the study.Chrysostomou C.,\
Schulman SR.,\
Herrera CM.,\
Cofer BE.,\
Mitra S., Rocha MG.,\
et al (2014)\
[@CIT0041]Prospective study.The aim of the study was to determine the pharmacokinetic impact of dexmedetomidine on pre-term and full-term newborns.42 mechanical ventilated neonatesN-PASS scaleChronic pain.The N-PASS scale revealed that dexmedetomidine provided sedation and analgesia.The researcher used a recommended scale in the study.\
No reference to the scale.N/AAcikgoz A.,\
Yildiz S. (2015)\
[@CIT0036]Experimental study.The aim of this project was to compare the impact of open and closed suctioning systems on pain assessment in newborns treated with mechanical ventilation.42 neonates mechanical ventilation.N-PASS scaleProcedural pain.This study did not reveal any difference in the assessment of pain suffered during the evacuation of the secretion between the open and closed systems (p=0.194). The researchers noticed that the N-PASS score during endotracheal suctioning with the open system was slightly higher as compared to the closed method.The researcher used a recommended scale in the study.\
The N-PASS scale is effective in measuring pain in this group of patients.A small number of patients included in the study.Cardoso JM., Kusahara, DM.,\
Guinsburg R.,\
Pedreira MLG., (2017)\
[@CIT0037]Randomized study.The aim of this project was to compare the impact of open and closed suctioning systems on pain assessment in newborns treated with mechanical ventilation.13 neonates mechanical ventilation.PIPPProcedural pain.The PIPP scale did not reveal any major differences in both studied suction techniques of an endotracheal tube.The researcher used a recommended scale in the study.\
No reference to the scale.A small number of patients included in the study.Desai SA,\
Nanavati RN,\
Jasani BB\
et al (2017)\
[@CIT0031]Prospective study.The aim of this study included:\
- the assessment of the incidence of chronic pain in neonates receiving assisted ventilation,\
- a comparison of the usefulness of N-PASS with PIPP in pain monitoring in mechanically ventilated neonates.I stage: 15 neonates receiving assisted ventilation for more than 48 hours were included in the study.\
The mean gestational age was 34.3 ± 4.56 weeks.\
II stage: 42 neonates with the mean gestational age of 33.5 ± 4.23 were included in the study.PIPP scale,\
N-PASS scaleChronic pain.This study proved that neonates receiving assisted ventilation experience prolonged acute pain .\
the reliability of the N-PASS scale was comparable to the PIPP scale in term neonates receiving invasive ventilation. N-PASS scale is reliable and useful for the assessment of chronic pain.The researcher used a recommended scale in the study.\
It confirms that the N-PASS scale is reliable and useful in assessing chronic pain.The study was limited to one NICU only.Abiramalatha T.,\
Mathew SK.,\
Mathew BS.\
et al (2018)\
[@CIT0038]Randomized study.The aim of this study was to assess the impact of fentanyl analgesia on the clinical status of the child depending on the method of its administration.100 mechanically ventilated neonatesN-PASS scale,\
NIPS scaleChronic pain.\
Procedural pain.Pain intensity was similar in both groups, regardless of the scale used.\
The NIPS score of 1--3 and N-PASS score (0--3) were similar, which indicates adequate pain relief with low serum fentanyl concentrations 0.4--0.6 ng/mL.The researcher used a recommended scale in the study.\
No reference to the scale.N/AHuang XZ.,\
Li L., Zhou J.\
et al (2018)\
[@CIT0039]Prospective study.The aim of this study was to assess the reliability and clinical usefulness of three pain scales: N-PASS, NIAPAS, PIPP-R.90 neonates invasively ventilated.N-PASS scale, NIAPAS scale, PIPP-R scale.Procedural pain.\
the sensitivity and specificity of the N-PASS scale for term and preterm neonates receiving invasive ventilation is comparable to the NIAPAS and PIPP-R scales. the N-PASS scale is reliable and useful to measure acute pain. Nurses consider the N-PASS scale as more functional when being performed and more clinically useful.The researcher used a recommended scale in the study.\
The primary result of this project shows that all three scales are reliable, yet the N-PASS scale is more clinically sensitive and efficient in measuring acute pain in neonates receiving invasive ventilation, as compared to the NIAPAS and PIPP-R scales.A small number of mechanically ventilated patients included in the study.\
The study was limited to one hospital only.\
The sequence of using pain scales was not randomisedDesai A.,\
Aucott S.,\
Frank K.,\
Silbert-Flagg J. (2018)\
[@CIT0040]Prospective study.The aim of this project included the assessment of:\
- the usefulness and reliability of the NIPS and N-PASS scales,\
- the quality of pain intensity measurement carried out by the personnel,\
- education of the personnel on the issues of pain and the tools used to assess it.44 mechanical ventilated neonatesN-PASS scale,\
NIPS scaleProcedural pain.\
Chronic pain.The N-PASS scale is more clinically sensitive and efficient in measuring acute and chronic pain in neonates as compared to the NIPS scale.\
Effective education had a significant clinical impact on the improvement of the knowledge of personnel.The researcher used a recommended scale in the study.\
The researcher recommends the continuation of research, which should focus on the utility of the N-PASS scale in sedated neonates.The study was limited to one hospital only.[^2]

Many of the available papers compare both the efficacy of the scales and attempts to validate tools for acute and chronic pain assessment. The analysed material indicates that tools developed to measure acute pain in neonates have to be multidimensional and take into account the combination of physiological and behavioural symptoms. Most tools have been developed to assess pain in neonates who are not treated with mechanical ventilation. Only a few of the available scales were validated for pain assessment in mechanically ventilated children; therefore, skilful use of the adequate instrument for acute, postoperative or chronic pain assessment by NICU personnel is of crucial importance. The tool should be selected with regard to both the age of the child and the diagnostic and therapeutic methods they receive.[@CIT0006],[@CIT0042],[@CIT0043]

Discussion {#S0010}
==========

A multicentre study by Carbajal et al concerning the prophylaxis, therapy and monitoring of pain indicates that actions aimed at reducing and preventing pain should have priority in neonatal care, once neonates are admitted to NICUs.[@CIT0044] The analysis of data obtained from 370 neonatal intensive care units in various European countries reveals that pain was monitored with standardised scales in only 32 units, and the spectrum of scales used for pain assessment was quite wide.[@CIT0044],[@CIT0045] Results of studies carried out in other European countries, including Spain, confirm that there no uniform guidelines are available. On the other hand, following the recommendations and guidelines in pain therapy and prophylactics, including the application of scales may significantly reduce the quantities of applied opioid and sedative drugs.[@CIT0046]

Observations revealed that pain suffered by patients receiving mechanical ventilation was principally assessed after they received analgesics or sedatives. The following scales are mostly recommended for acute pain assessment: Neonatal Infant Pain Scale (NIPS) and Premature Infant Pain Profile (PIPP). On the other hand, CRIES (crying, oxygenation, vital signs, facial expression, and sleeplessness) is recommended to assess postoperative pain, while the COMFORT and N-PASS (Neonatal-Pain, Agitation and Sedation Scale) scales are suggested for chronic pain assessment in invasively ventilated children.[@CIT0047] Studies by Elella et al confirmed that the COMFORT scale may be applied in children who require mechanical ventilation, including in post-surgery periods. What is more, the application of this assessment explicitly reduces the time of respirotherapy.[@CIT0048] Other authors suggest that no uniform guidelines for pain assessment in neonatal patients are available, despite the fact that they receive both analgesics and sedatives.[@CIT0044],[@CIT0047] A study performed in Sweden and Norway by Andersen et al compared the practice of pain assessment in NICUs.[@CIT0049] It revealed that in Swedish hospitals pain was assessed and documented more frequently than in Norway. The tools for pain assessment were used more often by the former as well. The most commonly used tools for measuring nociception intensity in Sweden included Astrid Lindgren's Pain Scale (ALPS), as well as COMFORT, Échelle Douleur Inconfort Nouveau-Né (EDIN), Face, Legs, Activity, Cray, Consolability (FLACC), N-PASS and NIPS, while the Norwegians used the Echelle EDIN, ALPS, PIPP and CRIES scales. The analysis revealed that Norwegian nurses not only had more confidence in the tools used for pain assessment in children, but also recognised their validity to a greater extent than nurses working in Sweden.[@CIT0049] Studies analysing the usefulness and reliability of scales for pain assessment tend to evaluate acute pain. Although possible, the assessment of long-lasting or chronic pain is performed very rarely. This has been proved by Desai et al,[@CIT0031],[@CIT0040] whose primary aim was to evaluate the usefulness of the N-PASS scale for pain assessment in invasively ventilated children. The first study consisted of two phases. The initial stage was to answer the question of whether neonates receiving assisted ventilation suffer from prolonged acute pain, which was done using the PIPP scale. The second stage was to compare the N-PASS and PIPP scales in the context of prolonged acute pain assessment in neonates receiving assisted ventilation. The results confirmed that invasively ventilated neonates suffer from prolonged acute pain, as the PIPP score was over 6, which is equivalent to moderate pain. This project confirmed the reliability and usefulness of the N-PASS scale for pain assessment.[@CIT0031] Another project by the same authors confirmed the usefulness of the N-PASS scale for measuring chronic pain in invasively ventilated children. The primary aim of this second study was to improve the quality of pain prophylaxis and therapy in NICU patients. The authors compared the NIPS and N-PASS scales to find the most efficient tool for measuring acute and chronic pain. These analyses revealed that it is the N-PASS scale that is more adequate and more reliable for chronic and acute pain assessment in neonates. The additional advantage of this project was the fact that the nursing personnel of the neonatal units had been trained, which in turn improved their knowledge and recognition of the available tools, as well as the need for adequate pain assessment in neonates receiving assisted ventilation.[@CIT0040] The reliability of the N-PASS scale for pain monitoring in invasively ventilated children was also confirmed by the results of another prospective study carried out by Huang et al.[@CIT0039] The priority in this study was to define the reliability, feasibility and clinical usefulness of three scales, namely the N-PASS, NIAPAS (Neonatal Infant Acute Pain Assessment Scale) and PIPP-R (Premature Infant Pain Profile-Revised). This project revealed that all three scales are reliable and clinically useful. However, the N-PASS scale was more clinically sensitive and functional for acute pain assessment in mechanically ventilated neonates when compared to the NIAPAS and the PIPP-R. The evaluation of the usefulness of these scales by the personnel revealed clearly that the N-PASS scale presented greater clinical usefulness and was evaluated as better.[@CIT0039] Experimental studies carried out by Acikgoz and Yildiz[@CIT0036] seem to confirm the results presented by the above-mentioned authors. The aim of this project was to compare the intensity of pain in mechanically ventilated neonates during the evacuation of secretion from the bronchial tree with closed and open systems. These results clearly showed that the procedure itself is associated with moderate pain, whereas its intensity was assessed as slightly higher during the procedure in which the open system was used for endotracheal suctioning. The above-mentioned studies seem to confirm that the N-PASS scale is effective and useful for procedural pain measurement in mechanically ventilated neonates.[@CIT0036]

Abiramalatha et al and Chrysostomou et al in their studies confirmed the efficiency of applying the NIPS and N-PASS scales to evaluate chronic pain experiences in neonates subject to invasive ventilation and receiving opioids.[@CIT0038],[@CIT0041]

Another recommended tool to evaluate procedural pain in mechanically ventilated neonates is the PIPP scale, which was used in a randomized study by Cardoso et al. The purpose of the study was to analyse the impact of open and closed suction systems on pain assessment in neonates treated with mechanical ventilation. The study confirmed that the procedure is painful for a neonate to a mild or moderate degree.[@CIT0037]

The selection of a reliable, feasible and practical measurement tool for pain intensity is the primary step in adequate procedural pain management for ventilated neonates. Such a tool would aid the precise identification of pain, and improve the quality of nursing care of the neonate.

The assessment of pain intensity, and its measurement and documentation in this patient group pose a challenge for the personnel of many NICUs, because differentiating between suffering and pain or stress is not an easy task. Such experiences may appear concomitantly and stimulate each other. The literature reveals that pain causes suffering, anxiety, stress and agitation. The adequate differentiation between them is clinically important, as each of these negative experiences requires a totally different method of management. An analysis of the obtained material showed that there is currently no tool (either physiological or behavioural) available which would allow a differentiation between suffering and pain. This issue is emphasised by Maaskant et al in their meta-analysis.[@CIT0050] They suggest that the interpretation of all information concerning the situation of the affected child is necessary in everyday practice. Data on the clinical entity, and its management or previous experience may, for example, be very valuable for the adequate assessment of suffering and pain. One of the available tools, which includes more important criteria and was originally developed to measure stress in children up to 18 years of age receiving mechanical ventilation is the COMFORT scale. A research study by Dijk et al[@CIT0032] confirmed the reliability of the COMFORT scale for measuring pain intensity and the level of sedation in such a population. It is currently one of the well-known and recommended methods for monitoring analgesia in invasively ventilated neonates.[@CIT0032],[@CIT0050]

Apart from emphasising the problems of differentiating pain-dependent suffering, Bellieni pays special attention to other difficulties in evaluating pain. The author states that due to the complexity of multidimensional tools for pain control, each measurement should be carried out by at least two nurses. As the person who carries out the given procedure is focused on its correct realisation, this often hinders the calm and error-free observation of a child's behaviour during measurement. Moreover, the author emphasises that none of the scales for chronic pain measurement adequately represents the true pain assessment, as the measurement is most commonly performed every 3--4 hours. Therefore, the results apply only to the time of the examination and observation.[@CIT0051],[@CIT0052]

Pain monitoring is an undeniable right of every human being and patient, regardless of age. The literature reveals that neonates admitted to NICUs experience pain, which comes from multiple diagnostic, therapeutic and medical procedures. Clinical observations of children receiving mechanical ventilation indicate that such patients not only experience acute pain, but also repeatedly suffer from chronic pain. Therefore, an individual approach to each patient associated with their clinical situation is not only essential, but above all, they require the modulation of sedatives and an adequate assessment of pain. The authors of the above-mentioned studies emphasise the differences in attitudes and opinions of nursing personnel who assess the usefulness of the scales based on their practical use in everyday practice. This was especially noticed in a study carried out by Cignacco,[@CIT0033] where nurses reported problems with the analysis of pain intensity using the PIPP method, both for neonates with extreme prematurity and term neonates.[@CIT0033] The results of many studies reveal that the primary obstacle in using adequate scales is the lack of knowledge presented by nursing personnel or the lack of adequate training. This issue undoubtedly requires further analysis and research. All the authors of the presented papers emphasised that extensive education is an effective method of improving awareness among the medical personnel of the utility, and the adequate scale selection with regard to the clinical situation of the individual patient.

The guidelines of the American Academy of Paediatrics, the Canadian Paediatric Society and the Polish Neonatal Society indicate that NICU personnel should measure and document pain intensity and accompanying symptoms. The analysis of pain in such a diverse patient group as neonates is possible only by profound observation of the child and the use of methods adequate for the age group and their clinical situation. The authors of the above-mentioned guidelines emphasise that each NICU should develop its own program for the prevention and therapy of pain, which would be based on the most recent standards. The success of such actions is possible only when each member of the team complies with and follows the recommendations, including: the assessment of pain and its symptoms on an everyday basis, the reduction of painful procedures, the prophylaxis and reduction of acute pain associated with invasive procedures and postoperative pain, the prevention of stress and chronic pain. Each intervention in an NICU should include prophylactic actions with documented efficacy, ie using analgesia before every potentially painful procedure, the exclusion of unnecessary stimuli and painful procedures, support during procedures given to a neonate by the personnel or a parent, a combination of procedures and their performance at the same time, the delay of nursing activities by at least an hour from nociceptive stimulus and a combination of non-pharmacological and pharmacological methods.[@CIT0006],[@CIT0022],[@CIT0030]

Every action aimed at the monitoring and therapy of pain in neonates has a positive impact on the child in every aspect of their functioning, ie, psychomotor, physiological and hormonal.[@CIT0024] Moreover, as indicated by clinical observations, the application of a pain guideline protocol increases the level of satisfaction among nursing personnel. Furthermore, it very often results in reduced doses of applied opioids.[@CIT0053] The lack of a single, universal scale for the assessment of pain intensity, as well as the lack of recommendations concerning pain therapy depending on age, leads to a situation where the adequate assessment of pain intensity is remarkably difficult. Some of the authors suggest that biological markers, such as stress hormones in saliva (adrenalin, cortisol), as well as examinations, such as electroencephalography, positron emission tomography, magnetic resonance imaging, near-infrared spectroscopy and NIPE, may be used to assess pain in NICU patients. The above-mentioned methods are extraordinarily objective, yet due to the relative unavailability of highly sophisticated equipment, it is impossible to use them in clinical practice.[@CIT0054]--[@CIT0057]

Conclusions {#S0011}
===========

Despite the available guidelines and recommendations, the assessment and monitoring of pain in neonates is not a standard procedure. Moreover, the availability of many scales leads to a situation where every institution may freely choose an assessment tool.

Based on this review, no explicit evidence can be obtained to support the use of one proper scale in pain assessment. It can be inferred that the COMFORT and N-PASS scales are effective for pain assessment and for determining the need for analgesics in mechanically ventilated neonates. These scales may be equally effective in assessing chronic pain, especially in mechanically ventilated children. On the other hand, the PIPP and CRIES scales are most commonly recommended for assessing acute and postoperative pain.[@CIT0015],[@CIT0022],[@CIT0034],[@CIT0058]

Strength and Limitations of the Systematic Review {#S0012}
=================================================

The conducted analysis did not show in full which of the tools used for pain assessment should be essential in assessing pain among mechanically ventilated patients in NICUs. What is more, pain cannot be assessed explicitly if the analysed scale used to assess pain refers only and exclusively to acute or chronic pain, because, as the relevant literature indicates, pain can have different dimensions. A child that requires mechanical ventilation usually experiences both acute and chronic pain. Therefore, it is hard to determine a clear boundary. Another limitation of the analysed papers was the low number of observations, restricted, as a rule, to a single research centre and ward. Observations very often concerned a low number of patients. Moreover, the analysed material did not always include answers to the question regarding the effectiveness of the applied scales of pain assessment. There is no doubt that the strength of the conducted analysis is the number of databases that were searched through. The strict criteria for the inclusion of papers in the further research analysis using the PICOS model as well as their assessment using the Newcastle--Ottawa Scale warrant that the qualified papers meet the criteria of eligibility for the analysis. The review included only and exclusively research, prospective, randomized or experimental papers, which also affects the benefits of the conducted analysis. One potential limitation of the paper may be the fact that the selected papers are only and exclusively in English, which may naturally exclude papers dedicated to pain issues published in other languages. On the other hand, the scope of matters discussed limits the number of research papers dedicated to this problem to a low number.

Implications for Nursing Practice {#S0013}
=================================

Although there are no universal guidelines with respect to the applied pain assessment scales in neonatal patients, the research explicitly shows that the application of tools recommended by the International Scientific Societies significantly reduces the quantity of administered anaesthetic drugs. There is no doubt that the application of scales means not only the comfort of a patient, but also greater satisfaction from work among nursing personnel. The efficiency of each scale used in daily nursing practice has to be based on training and education. Therefore, every healthcare centre should implement a training system on a regular basis, similarly to the practices of cardiopulmonary resuscitation and blood donation.
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[^1]: **Notes:** \*A star is awarded for each numbered item within the selection and outcome categories. A maximum of two stars can be given for comparability.

[^2]: **Abbreviation:** N/A, not applicable.
